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ABSTRACT 
Detection of air bubble using detector is important to reduce the presence of bubbles 
that may affect the entire body of human. For a hemodialysis machine, if it is 
operated without a blood pump then the blood circuit would be under positive 
pressure and allow air entry into the circuit. Multiorgan dysfunction can occur as a 
consequence of air entering into the blood circulation and giving rise to the 
appearance of micro emboli. Early sensors were photo-optical, but their sensitivities 
were limited and the ambient light subjected them to give false alarm. Nowadays, 
most detectors use ultrasound and its principle of operation is based on the 
measurements of attenuation, waveform and velocity. But, it could not detect size of 
air bubbles below 850f.J.m. To improve the sensitivity of the device, a simulation 
study using Multsim is conducted. Basically, this study is more about the principle of 
the air sensor and its mechanism. The study consists of theoretical background, 
simulation and its implementation. It starts with reading and also collecting the 
information from the journals, articles and books. The simulation is done then a 
prototype is constructed. In simulation, it is able to detect air bubbles with size less 
than 8501J.m, which is 680f.J.m. This report consists of five chapters. Chapter 1 
consists of background of study, problem statement and the objectives. Chapter 2 
consists of a literature review and overview of the project while methodology part is 
stated in Chapter 3. The results and discussions are in Chapter 4. The study is ended 
up with conclusion and recommendation in Chapter 5. 
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1.1 Background of study 
Hemodialysis is the common method used to treat advanced and permanent 
kidney failure. It is also a machine that removes waste products and urine from the 
patient's body. Blood is circulated in a machine which contains a dialyzer (artificial 
kidney). It has three main functions which are to pump blood and watch flow for 
safety, clean waste from blood and also to watch blood pressure and the rate of fluid 
removal from the body. In blood monitor, it has the minor function of job to detect 
the air bubbles from entering in the blood. The hemodialysis machine performs the 
function of pumping the patient's blood and the dialysate through the dialyzer. The 
artificial kidney uses the principle of dialysis to purifY the blood of patients whose 
own kidneys have failed [1, 2, and 3]. The kidney removes waste material from the 
body, and when this is not achieved properly, the patients develop a kidney failure. 
Small molecules like urea are removed from the blood because they are free to 
diffuse between the blood and the bath fluid. The bath fluid contains essential salts 
added to it to prevent the dangerous loss of these ions from the blood. The blood and 
the bath fluid flow in the opposite directions across the dialysis membrane. An 
anticoagulant is added to the blood so it will not clot while passing through the 
machine. The anticoagulant is neutralized as the blood is returned to the patient. 
Artificial kidney is facing many problems such as a leaking blood inside the 
dialyzer, failure of detection of air bubbles that re-enters in the patient's body and 
also and the alarm cannot be triggered when certain size of air bubbles passes the 
security system. Leaking blood usually happens to new dialyzer. When this case is 
occurs, the machine stops and it will trigger the alarm. The best solution to solve this 
problem is by replacing it with the new dialyzer. Failure of detection of air bubbles 
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that re-enters the patient's body may produce emboli that may be life threatened [4, 
5]. Detection of air bubbles sets the alarm that will stop the dialysis while the 
technician has to solve the problem. Those occurred problems could be fatal. The 
effects of that may lead to the patient's difficulty to breathe. They can also 
experience heart attack. Also, those events can go to irreversible cellular image and 
may lead to massive brain ischemia and stroke. Nowadays, the hemodialysis devices 
are equipped with ultrasonic detectors of air larger than 850Jlm. It triggers the alarm 
with the extremely larger size of air bubbles. The smaller size however could not be 
detected. 
1.2 Problem Statement 
The hemodialysis machine is equipped with ultrasound detector which can 
only detect air bubbles with size more than 850 Jlm. However, the small sizes of air 
bubble which is less than 850 11m in the blood that re-enters the patient's body cannot 
be detected; passed the security system of the dialysis device without triggering the 
alarm and produced air emboli that may be life-threaten. The device is not sensitive 
enough to deal with micro bubbles. Therefore, an improvement detector for detecting 
a small size micro bubble which is less than 850 Jlill is required. 
1.3 Objectives and Scope of Study 
1. To study the behaviour of air bubbles in moving blood. 
2. To simulate using MultiSim software to determine the smallest size of air 
bubble that can be detected. 
3. To design ultrasound detector that can detect a size of air bubbles less than 
850Jlm. 
Basically, the whole project started with data gathering and theoretical studies. 
The circuit has to be designed in order to determine the smallest size of air bubbles. 
Mean while, the further research is continue to determine the relation of radius of air 




2.1 Air Embolism 
Air embolism IS a medical condition caused by gas bubbles in the 
bloodstream. In medical context, it refers to any large moving mass or defects in the 
blood stream. Small amounts of air often get into the blood circulation accidentally 
during surgery and other medical procedures. Most of air bubbles in veins stop at the 
lungs and indications of such cases are very rare [ 6]. The symptoms of an air 
embolism will depend on where the blockage occurs. Usually, the air bubble comes 
from the leakage due to the improper connection between the tubes into the machine. 
Between the patient and the blood pump, the negative pressure may develop and air 
may be sucked into the circuit. In this segment, there are heparin infusion pump and 
infusion set. The line connection of it will have a large crack, thus it is one of the 
causes of the air bubbles appearance [7]. Besides, air in the solution of the dialysis 
fluid diffuses across the membrane into the blood and may form the air bubbles in 
venous air trap. The above description is on how the air bubbles appear in 
hemodialysis. For the term of the other medical part itself, it (air embolism) can 
occur whenever a blood vessel is open and a pressure gradient exists favoring entry 
of gas. Because the pressure in most arteries and veins is greater than atmospheric 
pressure, an air embolus does not always happen when a blood vessel is injured. In 
the veins above the heart, such as in the head and neck, the pressure is less than 
atmospheric and an injury may let air in. This is one reason why surgeons must be 
particularly careful when operating on the brain, and why the head of the bed is tilted 
down when inserting or removing a central venous catheter from the jugular or 
subclavian veins. 
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The immediate effects of the air bubbles depend on the speed, quantity and 
site of introduction of air into the circulation. There are studies at the animal shown 
that the rapid infusion of a large volume or air may be fatal [8]. The same goes to the 
human being. A large air embolism affecting the brain arteries will cause immediate 
loss of consciousness and often convulsions (fits). It can cause a stroke or attack. 
Also, the micro bubble obstructs blood flow in the capillary causing tissue ischemia. 
Death may occur if a large bubble of gas becomes lodged in the heart, stopping blood 
from flowing from the right ventricle to the lungs. Air enters the right atrium and 
ventricle where it forms foam and passes to the pulmonary artery, causing pulmonary 
blockade and hypertension. This basically explained the effect on the heart and 
lungs. The effects on systematic circulation basically come from air crosses to the 
left side of the hearts through the capillaries and arteriovenous communication of the 
lungs. Difference in temperature can also can be one of the causes for bubble 
generate in lines since warming initiates bubble formation. Apart from that, the 
compositions of air also affect the system of the body. Other symptoms of an air 
embolism include: 
• low blood pressure, 
• irregular heartbeat, 
• extreme fatigue or lack of strength, 
• visual disturbances, 
• disorientation, 
• cyanosis (a faint blue tone to the skin caused by a lack of oxygen in the 
blood), 
• apnoea (irregular breathing), and 
• hypoxia (a lack of oxygen flowing to the body). 
As far back, the early method that has been used to detect the air bubbles was 
photoelectric but their sensitivity was limited and the ambient light subjected them to 
false alarms [9]. It is also the most unreliable method which it is plagued by allowing 
detection threshold level between, clear saline and air and requires adjustments for 
fluids of different opacities [I 0]. 
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Today, the hemodialysis device is equipped with ultrasound detectors of air 
larger than 850Jlm. It is hard to detect the size of air bubbles larger than 850Jlm. The 
patient in final stage of renal failure undergoes many treatment and sessions of 
hemodialysis per week, ISO yearly. Each second, the patient is exposed to the micro 
air bubbles that might pose greater problems. What is most feared of this is when the 
patient does a hemodialysis at home which they do not have any technical knowledge 
or nursing to watch and take care of the device [II]. 
Ultrasound air detector is one of the safety devices to monitor whether there is 
any bubble going into the return line (Venous Line) to the patient. The mode of 
operation is by ultrasonic through transmission, and the detector is preferably 
employed to prevent air embolism. Transmission of sound from the transmitter, via 
the sensor head, to the receiver of the detector is dependent upon the existence of a 
fluid within the tubing [10]. Technically, besides ultrasound Transmitter-receiver, 
there is also a 1 Red sensor which only checks whether the flow inside the tubing is 
water (normal saline) or blood. The ultrasound has a protection system which is 
automatic cyclical checks during entire operating phase. The flow of its operation is 
sent to trigger the alarm when the size of the bubble is detected within the limit 
value. 
Ultrasound has two stages which are transmitter stage and the receiver stage. 
When air bubble is detected, the signal will transmit to the receiver and the alarm 
will trigger at the screen monitor of the hemodialysis machine. The flow of the 
system is as follow: 
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Figure 1 : Tube water air bubble system 
2.2 Ultrasound Wave Characteristic 
The ultrasound velocity is 380 meter per second (m/s). The echo is the 
reflection of the sound from the transmitter. The mean frequency for the ultrasound 
is 20 khertz (kHz). It also involves refraction and interference characteristics. The 
sound direction of motion is in longitudinal or transverse modes. 
The frequency, f, in Hertz can be defined as the number of oscillation per second and 
it is illustrated using a simple continues wave shown in Figure 2 [12). 
Figure 2: A simple continues wave 
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The relationship between the wavelength, 'A, velocity, v and frequency, f, of a signal 
is shown in equation 1 
(1) 
2.3 Operation of Ultrasonnd Sensor 
An ultrasound sensor generates ultrasounds waves from another form of 
energy is a transmitter whereas a receiver converts ultrasound into another form of 
energy. Compressional ultrasound can be produced and detected using many 
techniques. Some of the detectors' technique can be very simple and some of them 
are quite complex. Therefore, depending on these techniques; it could be used for 
various types of applications especially for level and flow measurement. The 
techniques are monostatic and bistatic mode. These two techniques will be discussed 
later in the next section. 
2.3.1 The Transmitter and Receiver 
The term of monostatic and bistatic are sometimes used in relation to 
transducers. If the transducer is being used only as a transmitter or only receiver it is 
known as monostatic. The term bistatic is used for a transducer that is used for both 
actions which are transmitter and receiver. However, monostatic transducer is used in 
order to meet the requirement of this project. Figure below shows a monostatic 
transducer and bistatic transducer. 
Other ultrasonic sensor has separate transducers. This might be very costly 
cost but it has several advantages; for example it becomes easier to test and 
characterize the transducer before installation and for maintenance purpose or 
replacement during the services. However, it depends on the application that is 
requested by the users. Commonly, the monostatic mode is used in order to measure 
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the flow in a pipeline. This is due to the fact that the flow is measured by measuring 
the voltage difference from the transmitter 
2.3.2 The Basic Features of the Beam Light 
The beam profile generated by an ultrasonic transducer is determined by 
interference (diffraction) phenomena between the Huygens' wavelets. The generation 
of a beam of compressional ultrasound by a circular plane pistons radiator excited by 
signal constant amplitude. This situation is particularly relevant to many 
piezoelectric transducers and also good for many others [13]. The basic features of 
the beam profile are illustrated in Figure 3. 
-. 
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Figure 3: Interference effects 
(a) The basic feature of the beam profile 





The simple model shows that near the field changes into far filed at the distance N 
from the transducers face given by 
D' -II? D'f N=---
4..1 4v 
(2) 
where; N is distance of field from the face, D is diameter (meter) of the face, f is 
frequency (Hz), Vis velocity (m/s) and 'A is the wavelength (meter) [12] . 
2.3.3 Ultrasound Sensor's Insertion Loss 
The insertion loss is a relative measure of a transducer's energy conversiOn 
efficiency. The insertion loss [13] is the decrease in dB, of the amplitude of the 
received signal compared with amplitude of the input signal and it is given by 
· I E b Insertwn Loss= 20 og-' D 
E, 






3.1 Procedure Identification 
The research for this project basically depends on the electrical circuit, which 
will detect the air bubbles enter to the patient's body. A simulation will be done 
using the Multism software to determine the smallest size of air bubbles. The current 
sensor will be improved to ensure the size of air bubbles detected is beyond than the 
current size which is more than 850!ffil. The prototype of the device will be done 
after all the simulation is succeeded. 
The flow of the project as below:-
Research and review on air bubble detector in 
the hemodialysis machine 
~ 
Calculate the radius of air bubbles and 
determine the suitable frequency for the device 
_+ 
Design and simulate the circuit in Multism 
_+ 
Implement in the real system 
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3.2 Research and review on air bubble detector 
Ultrasound in blood operation has transducers which emits a burst of 
ultrasound, propagates in the medium and hits the reflector in the far field region of 
the transducers. Then, part of energy is scattered by the blood cells, propagates 
through tissue and is received by the transducers. Air bubbles oscillate in extreme 
manner and its resonance frequency is inversely proportional to its radius. Basically, 
the mechanism of ultrasound is based on waves. In waves, there are two components 
that play important rules which are velocity and the frequency. 
However, the frequency in the same level of medium is the same. In 
ultrasonic detector, supposedly the flow of the blood is smooth and velocity is 
constant without presences of air bubbles. However, when the air bubbles is 
presence, the different medium between the air and the blood can occur the different 
velocity. This difference actually triggers the alarm of the machine. The blood is the 
reference of the medium. 
It is well established that the natural frequency of oscillation affects the way 
in which bubbles absorb energy from the ultrasonic field. When a bubble is sonicated 
at its resonance frequency it intercepts and reradiates more acoustic energy than one 
would expect from its cross sectional area [14]. The resonance frequency of bubbles 
is strongly affected by the surrounding boundaries. The natural frequency is lower 
than the corresponding frequency in unbounded liquids and that it decreases as the 
bubbles gets closer to the centre of the blood vessel. Furthermore, the width of the 
energy resonance is dependent on the bubble size and the smallest bubbles have the 
sharpest resonance [ 14]. 
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The natural frequency of oscillation in an infinite volume of liquid is given by the 
Minnaert' s formula [ 15]. 
f I I ( 2o-) ~- -- 3yp --
0 2K P a~ 0 a 0 
where, 
p =liquid density dextrin (1.06x!OOO kg/m3) 
no= bubble ambient radius (radius of air bubble that need to find) 
Po= ambient pressure (O.lx!08 MPa) 
y =effective polytropic exponent (assumed to be I) 
cr =surface tension of the gas liquid interface (0.056 kg/s2) 
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(4) 
3.3 Design and simulation 




Output Threshold Envelope 
indicator X device Detector 
Figure 4: Block diagram 
Figure 4 shows a block diagram of the device including transmitter, a sensor 
head, a receiver amplifier, an envelope detector, a threshold detector and an output 
indicator. The transmitter may include a sinusoidal oscillator that drives a transmitter 
transducer which forms a part of the sensor head in the disclosed embodiment. The 
sensor head is represented by sound absorbent cubes. Receiver transducer is disposed 
for receiving the sound wave generated from the transmitting transducer. The 
receiver transducer is excited by the local vibrations, and generates a sinusoidal 
electrical signal, which is amplified by amplifier, passed to envelope detector and 
from there to a threshold detector or comparator circuit for detecting a reduction in 
the sensed signal. When this occurs the output indicator is activated causing a visual 
or audible alarm and preferably an interruption of the feeding of fluid in the tube. 
To get the desired frequency which is high, the wavelength is small, requiring 
small transducers, small transmitter amplifier power, and a short path length for the 
orifice. The actual device described used 2 inches thick, 2 inches diameter 
transducers as transmitter and receiver, a stable frequency oscillator and a power 
amplifier to drive the transmit transducer, and at the receiver a low frequency tuned 
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amplifier, detector, and post amplifier. The dimension of tube is typically around 
5mm. 













\, .,., ... 
Figure 5: Transmitter circuit 
I I 
XSC1 
The transmitter circuit contains a 555 timer integrated circuit (IC) that can 
generate 50 kHz square - wave signal. This signal is used to latch the transistor 
which receives +9V supply to drive the ultrasonic transducer that is able to work on 
50 kHz frequency. The signal is then amplified using a 2N3 904 transistor. The 
amplified signal will be transmitted into the container through the ultrasonic 
transducer. 
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The frequency is calculated based on the equation for ultrasound below: 
where c = 3.00 x 108 
"= 850 J.lffi 
Thus,j= 3.529 x 1011Hz 
(5) 
In this circuit, the adjusted resistor is used so that the frequency can varied at certain 
level. The !OK ohm resistor is chosen to adjust the range of that particular frequency. 
15 









j_ 9V i 
R7 
~-~~\l\i'v- --· . 
20k0hm_5Si, 
-= ( I 
RB I 
----\,'\1\r --4 iT . ·1 . .; U2 
, ' , j' , ' I" 
_j_i 1Uk0mn t''0 i -~ I"'"·- i i L-----'1 + ·-<._, i 
I "'-~...,..._£ __ . 
~- // 
1- </1./ 
~I ; · ' 
1 N4148 C4 1,,· ~,,·'' I! Vl4 t-74'1 
!DQ~F 
:!;: I R5 L-1 I l 
! ~.> 9V I 








I ' I 
I . 
1 _____ _j 
lJ. I 
Figure 6: Receiver detector circuit 
In receiver circuit, it has two stage amplifiers, a rectifier stage an operational 
amplifier in inverting mode. It receives the signal from the receiver. This signal will 
be re-amplified using an LM741 Op-Amp. Besides that, this part also acts a filter to 
make sure that only a 50 kHz signal wave is received. The amplified signal is 
converted to DC voltage by a half wave rectifier circuit The DC signal is amplified 
by using LM741 Op-Amp. The non inverting pin in amplifier is connected at the DC 
voltage via preset adjusted resistor can determines the threshold value of ultrasonic 
recetver. 
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3.4 Implement in real system 
3.4.1 The Transmitter Circuit Construction 
After the circuit is constructed at Multism Software, it needs to test to ensure 
it is working as required. The comparison is between the simulation waveform 
using Multism and the waveform obtained from the oscilloscope. 
3.4.2 The Receiver Circuit Construction 
A receiver circuit is very important part of the whole project. This is because, 
since it is exposed to the environment, it needs to identify the signal that it will 
receive. The circuit is constructed part by part. The results obtained from the 
simulation are compared with the waveform obtained from the oscilloscope. The 
first part of the circuit is a filter [ 16]. The filter is needed in order to identifY the 
frequency that it should receive in this work is 50kHz signal. The frequency of 
the filter is determined by the equation 3 .3 
(6) 
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The circuit configuration for the filter is shown in Figure 7. 




Figure 7: A filter of the receiver circuit 
The next part is the rectifier circuit. The rectification is required to convert an AC 
voltage to DC voltage. Therefore for this small scale model, a simple wave 




Figure 8: A half wave rectifier circuit with a capacitance effect 
Then, the signal from Figure 8 will enter third part of the circuit which is an 
amplifier. The amplification is carried out using LM741 Op-Amp. The circuit 
configuration is to non inverting input This is because; the signal just needs to be 
amplified and not to be inverted. The circuit configuration for this amplifier is as 
shown in figure 9. 
Figure 9: The amplifier configuration circuit 
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CHAPTER4 
RESULTS AND DISCUSSION 
4.1 Results 
From the Minnaert's equation (4), rearrange the equation to get Uo. The value of 
frequency is set to different values. The values of frequencies are as follow: 500 kHz, 
1000 kHz, 1500 kHz, 2000 kHz, 2500 kHz and 3000 kHz. The liquid use is 
supposedly blood; however, it has been replaced with another liquid, dextrin which 
has the same density with the blood. 
(7) 
Refer the value for each constant at equation ( 4). 
Table 1 The radius of bubble with different frequency 
/o(kHz) 500 1000 1500 2000 2500 3000 
Uo(~m) 53.5479 26.7730 17.8407 13.3856 10.7081 8.9231 
20 













500 1000 1500 2000 2500 3000 
Frequency (kHz) 
Figure 10: Graph of radius vs. frequency 
The graph shows that when the higher frequency is being used, the smaller radius of 
air bubble can be detected. The reading of radius is decreased by increasing the 
frequency. This results are obtained after manipulate the equation from the equation 
(4). 
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4.1.1 Result of simulation 
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Figure 11 : Output from transmitter circuit 
Figure 11 shows the output from the transmitter circuit. The waveform is square 
waveform because the timer 555 has been used for this circuit. The signal is used to 
transmit the data before the ultrasound can detect the attendance of air bubbles. 
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Figure 12: Output from filter 
Figure 12 shows the output from the filter which is needed to identify the frequency 
that should receive the same from the signal. From the simulation, the output shows 
that the input frequency is maintained and the sinusoidal waveform is act as the 
stable frequency received. 
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Figure 13 : Output from completed receiver circuit 
This waveform shows the output from the receiver circuit. The straight line indicates 
the signal without the attendance of air bubbles. 
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Figure 14: The complete circuit 
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Figure 15: Output obtained from transmitter on the oscilloscope 
The output shows the straight line signal from the transmitter monitored at the 
oscilloscope. Supposed, the signal is expected to be the square waveform. However 
the signal appeared in straight line form due to certain circumstances which is the 
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connection wire in the circuit is not proper. The circuit construction is not in a good 
condition. 
4.2 Discussions 
From the calculation, different values of frequencies have been used. Frequency 
versus radius graph is shown in Figure 10. It claims that when the higher frequency 
is used the smallest size of radius of air bubble is detected. 
Simulation result shows that the 555 timer circuit is able to generate 50 kHz square-
wave signal accurately. However, there is potentiometer to control the frequency of 
the signal that depends on the type of sensor and materials that are dealing with. In 
receiver circuit, the output DC voltage from the amplifier is proportional to the input 
voltage. 
By simulation, the circuit is working but it could not be proven during the 
experiment and construction of the circuit. Unfortunately, during the experiment, the 
output voltage could not be detected. 
It may due to several problems. One of them is could be the type of sensor that has 
being used. The reason of that is because there are many sensors in typically market. 
Each sensor has it owns specification; the different range of frequency. The chosen 
one might be not suitable to reach objectives of this project. 
Besides, another reason of this project was unsuccessful is because of the constraints 
of each of the component itself. During the experiment, there is a noise everywhere 
from the output ofthe circuit. Other problem is the signal lost during the connection. 
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CHAPTERS 
CONCLUSION AND RECOMMENDATION 
5.1 Conclusion 
The theoretical, survey and research of the artificial kidney also the 
hemodialysis device are collected. The Multism software is selected for simulation 
and it has being used in designing the size of the micro bubbles. The study of 
behaviour of air bubbles in moving blood is done. Simulation using Multism 
software to determine the smallest size of air bubble is done which it detected radius 
up to 680~. 
The preliminary goal of this project is to design the device that could detect 
the small air bubbles. Only the simulation part of the transmitter and receiver are 
achieved. The construction of the ultrasound detector is done however the circuit is 
not working due to the several of circumstances occurred. The output of the circuit 
could not be determined. 
However, from the calculation of radius of bubble, the results can be 
concluded that the higher frequency that is being used, the smaller size of radius of 
bubble can be determined. It shows when the frequency is set to several different 
values. 
5.2 Recommendation 
As a recommendation, the transmitter circuit that is used is commonly used to 
generate a signal by using a 555 timer. However, this project still needs a lot of 
improvement from other skill innovators for better features. The connection of the 
component is constructed on the breadboard. Instead using the breadboard, it can 
also use the PCB board that will give more accurately and better results of the output 
circuit. One method to overcome the signal lost during the connection, it should be 
centralized and is taken from one point. The device cannot use a different power 
supply. So, it makes the electrical system becomes simpler. 
Supposed, after all the results are obtained, the next step that should be 
considered of is the diameter of the tube. This is because the diameter of the tube is 
highly infected the detection of air bubbles for this application. As the smaller 
diameter, it could reduce the attendance of air bubbles. Thus, it depends of the next 
inventor to continue this project and improve it for the better features in future. 
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